Heat-shock protein 70 mRNA is induced by anaerobic metabolism in rat hearts.
Both heat-shock protein (HSP) 70 and its mRNA are induced in the ischemic myocardium. The inductor stimuli are, however, not known. Stretch and ischemic metabolic alterations are the two most likely HSP70 inductors. To assess whether anaerobic metabolism induces HSP70 mRNA expression, 61 rat hearts were perfused with Krebs-Henseleit buffer (37 degrees C) in a modified Langendorff apparatus built for rapid switching between pressure-controlled and flow-controlled perfusions. Each heart was initially perfused for 30 minutes at a constant perfusion pressure of 65 mm Hg. Subsequently, separate hearts were perfused at a constant flow of 8, 6, 4, 2, 1, 0.5, or 0 mL/min for 30 minutes using a nonpulsatile pump (n = 5, each perfusion level). Hemodynamic measurements demonstrated a linear correlation between coronary flow and both perfusion pressure and developed pressure (r = .94 and r = .89, respectively; P < .0001 for both comparisons). Diastolic pressure at the end of the perfusions increased only in globally ischemic hearts (34 +/- 3 mm Hg at 0 mL/min versus 5 +/- 1 mm Hg at 8 mL/min; mean +/- SEM, P < .05). The highest lactate release during the 30-minute constant-flow period was observed at a flow level of 4 mL/min (177 +/- 1 versus 71 +/- 8 mumol at 8 mL/min). Creatine kinase release was detected at 2 mL/min (28 +/- 8 mU/mL after 25 minutes of constant flow versus < 8 mU/mL at 4 mL/min). The highest flow level showing cessation of mechanical activity despite pacing of the hearts was at 2 mL/min (2 of 5 hearts). An increased level of HSP70 mRNA expression was found only at 4 mL/min (10-fold increase). Blocking lactate production by substituting glucose with 2-deoxyglucose in the perfusion buffer reduced the HSP70 mRNA level by 44% at 4 mL/min. No increase of HSP/70 was detected (Western blots) at any flow level. These results indicate that anaerobic metabolism is a strong stimulus for HSP70 transcription and that cessation of anaerobic metabolism in severe ischemia is associated with a shutdown of HSP70 mRNA expression.